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Background: Major trauma remains a signiﬁcant medical concern, leading to about 10,000 deaths
annually in Taiwan. Trauma system implementation has been shown to improve the outcomes in
different countries. Using the National Health Insurance data, our study examined the inﬂuence of age
and other factors on the outcomes of trauma patients.
Materials and methods:We collected the original claim data of 1 million beneﬁciaries who enrolled in the
National Health Insurance program from 2006 to 2008. ICDMAP-90 was used for calculating the Injury
Severity Score (ISS), which was required for assessing the disease severity and implementing appropriate
control measures. Other variables included age, sex, triage classiﬁcations, pre-existing comorbidities, and
hospital levels. The Charlson Comorbidity Index for the year of admission was used for adjusting co-
morbid conditions.
Results: A total of 2497 major trauma patients (ISS >15) were identiﬁed in our database. After controlling
all the variables in a logistic regression model, for all the major trauma patients, a signiﬁcant difference
was observed between different hospital levels. Compared with the trauma centers, the risk of mortality
in nontrauma centers was 1.58 times that in trauma centers (p¼ 0.004). In the younger groups (aged<40
and 41e60 years), hospital levels had no signiﬁcant effect on mortality (p ¼ 0.40, 0.41). However, the risk
of mortality was 1.89 times in nontrauma centers, compared to that in trauma centers, in the oldest
group (p ¼ 0.005).
Conclusion: Our study suggests that all major trauma patients should be sent to trauma centers, especially
the older patients.
Copyright  2013, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Major trauma remains an important health concern, with about
10,000 trauma-related deaths occurring annually in Taiwan. In
Taiwan, New Taiwan dollar (NT$)14.7 billion [about 500 million
(United States dollar) USD] is spent annually on trauma patients,
i.e., over NT$ 40 million (1.3 million USD) is spent per day1. Since
Trunkey2 described the trimodal frequency distribution of deaths
after trauma and the concept of the “golden hour”, outcomes foror non-ﬁnancial conﬂicts of
cussed in the manuscript.
ealth Policy and Management,
u-Zhou Road, Taipei, Taiwan,
iwan Society of Geriatric Emergeninjured patients admitted to different levels of hospitals became of
particular interest.
One study showed that mortality of the admitted trauma pa-
tients, especially those in the elderly group, were associated with
the following factors: trauma score (less than 7), hypotension
(systolic blood pressure less than 90 mmHg), hypoventilation
(respiratory rate less than 10 breaths/min), or a Glasgow Coma
Scale (GCS) score of 33. Another study involving a chart review
showed that the mortality is correlated with the Injury Severity
Score (ISS), GCS coma score, systemic complications, and the need
for general surgery in the elderly trauma patients4.
Advanced age is a well-recognized risk factor for adverse out-
comes following trauma. Previous studies showed that mortality
increases from the age of 40 years. Morbidity and mortality in-
crease in geriatric trauma patients compared with their younger
counterparts. Morris found the mortality, deﬁned as in-hospitalcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Mortality Factors in Major Trauma Patients 19death, begins to increase at the age of 45 years in patients with
moderate and severe injuries (ISS 9e24)5e8.
Trauma system implementation has been shown to improve the
outcomes in different countries9e11. The Department of Health in
Taiwan has suggested that all major trauma patients should be
transferred to trauma centers. However, without good evidence
supporting the suggestion, the concept of trauma system imple-
mentation still has not been adopted widely in Taiwan. Although
the ﬁeld triage decision scheme in the Advance Trauma Life Support
textbook suggests transferring all trauma patients older than 55
years to trauma centers, in Taiwan, no good evidence can be found
supporting that suggestion. Thus, we need larger studies that
comparemortality rates at trauma centers with those at nontrauma
centers. Our study, using nationwide population-based data in
Taiwan, explored the mortality rates for major trauma patients in
different age groups and between trauma and nontrauma centers.
Our ﬁndings may have major implications for health policies in
Taiwan and other countries.
2. Materials and methods
2.1. Emergency medical services and hospital characteristics
In Taiwan, prehospital trauma care is delivered by emergency
medical technicians (EMTs) of the ﬁre departments. Except in some
cities (e.g., Taipei City), in most places the EMTs are EMT-II types.
Due to the limited number of EMT paramedics, prehospital
advanced life support (ALS) care is available only in some urban
areas. According to a research in Taipei City, around 9e16% of
emergency medical services calls demanded ALS, and the average
emergency response time was from 4.1 minutes to 4.9 minutes. In
the rural areas, the average response time was found to be longer
(more than 6.6 minutes)12.
According to the 2005 National Health Insurance Research
Database (NHIRD), there were 461 acute care hospitals in Taiwan.
Based on the expertise and capability, all hospitals were catego-
rized into three levels and certiﬁed by the Department of Health. In
2005, there were 22 medical centers and 72 regional hospitals. All
the centers were level I trauma centers.
2.2. National Health Insurance dataset in Taiwan
Taiwan introduced National Health Insurance (NHI) in 1995,
covering nearly all residents (about 98%). Taiwan’s NHI permits
patients to choose any hospital or physician, while requiring them
to share some health-care costs through affordable, low, and ﬁxed
copayments. All health-care providers are geographically well
dispersed. However, most of the trauma centers are located in ur-
ban areas.
The Longitudinal Health Insurance Database (LHID) 2005 con-
tained the original claim data of 1 million beneﬁciaries who were
randomly sampled from the 2005 registry for all beneﬁciaries of the
NHIRD. There were approximately 25 million individuals in this
registry. There was no signiﬁcant difference in the sex distribution
of patients between the LHID 2005 and the original NHIRD datasets
(c2 ¼ 0.008, df ¼ 1, p ¼ 0.05). The NHIRD dataset is possibly the
largest and most comprehensive population-based data source
currently available in the world, and it includes one primary diag-
nosis and up to four secondary diagnoses that are coded by the ICD-
9-CM system.
2.3. Study sample
All the patients older than 15 years who had been sent to the
emergencydepartmentswith the primary diagnosis of trauma (ICD-9-CMcodes 800e949)were included in our research. A total of 5912,
5611, and 5760 trauma patients were admitted to emergency de-
partments in the years 2006, 2007, and 2008, respectively. There
were 2497 major trauma patients with an ISS of more than 15.
2.4. Key variables of interest
The control variables investigated in our study included patient
age, sex, triage classiﬁcations, pre-existing comorbidities, and
different hospital levels. The patient age was categorized as <40
years, 40e60 years, and >60 years. Different triage classiﬁcations
for patients were recognizable by different payment coding: Class
I:00201A, Class II:00202A, Class III:00203A, and Class IV:00204A.
The triage classiﬁcations were categorized as severe ones (Classes I
and II) and others (Classes III and IV). ICDMAP-9013 was used for
calculating the ISS as the variable controlling the disease severity.
Then, uses of ventilators and intensive care units (ICUs) were also
included as the affecting variables.
In order to quantify the patient’s pre-existing comorbidity,
Charlson Comorbidity Index (CCI) for the year of admission was
used for adjusting comorbid conditions. CCI was developed in 1987
for classifying comorbid conditions that may affect the risk of death
from comorbid diseases. CCI has widely been used inmany datasets
for risk adjustment14. CCI is calculated from the presence of co-
morbid conditions (congestive heart failure, dementia, cancer, ce-
rebral vascular disease, severe renal disease, etc.), with each
condition being given a weight. The ICD codes that we used for
converting CCI are given in Appendix 1.
2.5. Statistical analysis
All the statistical analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC, USA). Descriptive analyses and logistic
regression analysis were then carried out to compare the mortality
rates between different hospital levels, while adjusting for patient
age, sex, pre-existing comorbidities, and different levels of
hospitals.
3. Results
A total of 2497 major trauma patients with an ISS of more than
15 were identiﬁed in our database. Around 40% of the major trauma
patients, with an average CCI of 0.78 (0.14 in the youngest group
and 1.41 in the oldest group, p< 0.01), were cared for in the trauma
centers. The total mortality rate was 12.5% (6.9% in the youngest
group and 18.2% in the oldest group, p < 0.01). Of all the patients,
76.9% were triaged as Class I or Class II in all groups, 19.7% were
intubated, and 57.2% were admitted to ICUs (Table 1).
As evident from Table 2, 968 patients were treated in the trauma
centers and 1529 in nontrauma centers. The mortality rates were
11.1% in trauma centers and 13.4% in nontrauma centers (p ¼ 0.08).
There were signiﬁcant differences in the triage classiﬁcations and
the condition of intubation between both groups. However, no
signiﬁcant difference was observed in all other variables of non-
trauma and trauma centers.
When all the major trauma patients were grouped together in a
logistic regression model, there was a signiﬁcant difference be-
tween trauma and nontrauma centers, as shown in Table 3. The risk
of mortality in nontrauma centers was 1.58 times that in trauma
centers (p ¼ 0.004). In the youngest and younger groups (age <40
years and 41e60 years), hospital levels did not have any signiﬁcant
effect on mortality (p ¼ 0.402 and 0.412, respectively). However,
hospital levels did have signiﬁcant effects in the oldest group (age
>60 years). The relative risk of mortality in nontrauma centers was
1.89 in the oldest group (p ¼ 0.005).
Table 1
Descriptive data for different variables in different age groups.
All (N ¼ 2497) Different age groups p
Group A Group B Group C
<40 y
(N ¼ 831)
41e60 y
(N ¼ 693)
>60 y
(N ¼ 973)
No. % No. % No. % No. %
Survival 2185 87.5 773 93.1 616 88.9 796 81.8 <0.01
Mortality 312 12.5 58 6.9 77 11.1 177 18.2
Trauma center 968 38.8 334 40.2 253 36.5 381 39.2 0.32
Nontrauma
center
1529 61.2 497 59.8 440 63.5 592 60.8
CCI ¼ 0 1537 61.5 750 90.3 445 64.2 342 35.2 <0.01
CCI ¼ 1e2 711 28.5 74 8.9 192 27.7 445 45.7
CCI 2 249 10.0 7 0.8 56 8.1 186 19.1
Triage ¼ 1, 2 1920 76.9 634 76.3 540 77.9 746 76.7 0.74
Triage ¼ 3, 4 577 23.1 197 23.7 153 22.1 227 23.3
ICU
No 1068 42.8 357 42.9 309 44.6 402 41.3 0.41
Yes 1429 57.2 474 57.1 384 55.4 571 58.7
Intubation
No 2006 80.3 675 81.2 568 81.9 763 78.4 0.15
Yes 491 19.7 156 18.8 125 18.2 210 21.6
ISS ¼ 16e24 1810 72.5 600 72.2 497 71.7 713 73.3 0.76
ISS 25 687 27.5 231 27.8 196 28.3 260 26.7
Female 849 34.0 242 29.1 223 32.2 384 39.5 <0.01
Male 1648 66.0 589 70.9 470 67.8 589 60.5
CCI ¼ Charlson Comorbidity Index; ICU ¼ intensive care unit; ISS ¼ Injury Severity
Score.
Table 3
Logistic regression model for mortality in major trauma patients.
Parameters for
mortality
All (N ¼ 2497) Group A Group B Group C
40 y
(N ¼ 831)
41e60 y
(N ¼ 693)
>60 y
(N ¼ 973)
OR p OR p OR p OR p
Trauma center 1 d 1 d 1 d 1 d
Nontrauma center 1.58 0.004* 1.31 0.40 1.30 0.41 1.89 0.005*
CCI ¼ 0 1 d 1 d 1 d 1 d
CCI ¼ 1e2 1.22 0.27 1.88 0.17 1.09 0.79 1.20 0.45
CCI 2 2.15 0.001* 4.55 0.18 3.16 0.015* 1.79 0.045*
Triage ¼ 1, 2 1 d 1 d 1 d 1 d
Triage ¼ 3, 4 1.33 0.21 1.17 0.77 0.83 0.704 1.63 0.09
ICU
No 1 d 1 d 1 d 1 d
Yes 2.27 <0.001* 3.71 0.02* 3.36 0.011* 1.83 0.023*
Intubation
No 1 d 1 d 1 d 1 d
Yes 6.66 <0.001* 4.34 <0.001* 10.26 <0.001* 6.51 <0.001*
ISS ¼ 16e24 1 d 1 d 1 d 1 d
ISS 25 5.65 <0.001* 8.16 <0.001* 5.86 <0.001* 5.16 <0.001*
Female 1 d 1 d 1 d 1 d
Male 0.95 0.6 1.11 0.78 0.75 0.38 1.05 0.81
C-stat. 0.890 0.878 0.910 0.876
CCI ¼ Charlson Comorbidity Index; ICU ¼ intensive care unit; ISS ¼ Injury Severity
Score; OR ¼ odds ratio. *p < 0.05.
D. Harnod et al.20After adjusting the other variables, the odds ratio (OR) of mor-
tality for all the major trauma patients with more comorbid dis-
eases (a CCIof 3) was 2.15 (p ¼ 0.001), and the effect was
signiﬁcant, but only in older groups (OR ¼ 3.16, p ¼ 0.015 in Group
B, and OR ¼ 1.79, p ¼ 0.045 in Group C). For the patients who were
admitted to ICUs, on ventilators, and injured very severely (ISS
25), the mortality rates were higher in all the aged groups
(OR¼ 2.27 for ICU admission, 6.66 for using ventilators, and 5.65 for
an ISS of 25).Table 2
Descriptive data for different variables in different hospitals.
All (N ¼ 2497) Hospital level p
Trauma center
(N ¼ 968)
Nontrauma
center (N ¼ 1529)
No. % No. % No. %
Survival 2185 87.5 861 88.9 1324 86.6 0.08
Mortality 312 12.5 107 11.1 205 13.4
CCI ¼ 0 1537 61.5 597 61.7 940 61.5 0.77
CCI ¼ 1e2 711 28.5 270 27.9 441 28.8
CCI 2 249 10.0 101 10.4 148 9.7
Triage ¼ 1, 2 1920 76.9 844 87.2 1076 70.4 <0.01
Triage ¼ 3, 4 577 23.1 124 12.8 453 29.6
ICU
No 1068 42.8 419 43.3 649 42.5 0.68
Yes 1429 57.2 549 56.7 880 57.5
Intubation
No 2006 80.3 749 77.4 1257 82.2 0.003
Yes 491 19.7 219 22.6 272 17.8
ISS ¼ 16e24 1810 72.5 684 70.7 1126 73.6 0.10
ISS 25 687 27.5 284 29.3 403 26.4
Female 849 34.0 323 33.4 526 34.4 0.60
Male 1648 66.0 645 66.6 1003 65.6
Age (y)
<40 831 33.3 334 34.5 497 32.5 0.32
41e60 693 27.8 253 26.1 440 28.8
>60 973 39.0 381 39.4 592 38.7
CCI ¼ Charlson Comorbidity Index; ICU ¼ intensive care unit; ISS ¼ Injury Severity
Score.4. Discussion
Our results showed that trauma centers were better places for
treating major trauma patients, especially geriatric patients. This
ﬁrst-ever research using the population-based NHI claim data for
major trauma provided important evidences to suggest that all
major trauma patients should be sent to trauma centers for care.
Nevertheless, after adjusting for the variables such as age, sex,
triage classiﬁcations, comorbidities, ICU usage, and ISSs, our study
showed that the trauma centers was signiﬁcantly helpful in the
oldest patient group (aged more than 60 years).
Perhaps trauma centers have more staff to care for the major
trauma patients and a greater chance of providing timely opera-
tions for them. Thus, major trauma patients may have better sur-
vival rates in trauma centers. Although most of the trauma
surgeons agree that the survival rate of major trauma patients
depends on the performances of the trauma teams and critical care
units, no data related to hospital performance were found in the
NHIRD database. Therefore, we could not take them into
consideration.
4.1. Lower mortality rate in Taiwan than in other countries
Our study results showed lower mortality rate than the results
of studies conducted in other countries. In our study, the total
mortality rate was 12.5% for severely injured patients (ISS >15),
while Leung et al15 showed a mortality rate of 31.6% for such pa-
tients. Our results were similar to a report from the largest trauma
center in Taiwan (Chang Gung Memorial Hospital). Their annual
report showed that the total mortality rate for major trauma pa-
tients (ISS>15) was 10.8%16. In Taiwan, most of the trauma patients
are sent to the nearest hospitals by ambulance. Once the patients
enter the hospitals, their medical records are entered in the NHI
data bank. However, patients who died from injury outside the
hospitals were not recorded and were excluded from our research.
This could be one of the reasons for the lower mortality rate in our
research.
Grossman et al’s17 paper showed the in-hospital mortality rate
for geriatric patients with major trauma (older than 65 years) to be
33%, whichwas still higher than our results (18.2% for patients older
Appendix 1
ICD-9-CM codes for converting the Charlson Comorbidity Index (CCI).
Disease ICD-9-CM CCI
Myocardial infarction 410e410.9, 412 1
Congestive heart failure 428e428.9 1
Peripheral vascular diseases 441, 441.9, 785.4, V43.4 1
Cerebrovascular diseases 430e438 1
Dementia 290e290.9 1
Chronic pulmonary disease 490e496, 500e505, 506.4 1
Rheumatologic diseases 710.0,710.1,710.4,714e714.2,
714.81, 725
1
Peptic ulcer diseases 531e534.9,531.4e531.7,532.4e532.7,
533.4e533.7,534.4e534.7
1
Mild liver diseases 571.2,571.5,571.6,571.4e571.49 1
Diabetes 250e250.3, 250.7 1
Diabetes with chronic
complications
250.4e250.6 2
Hemiplegia or paraplegia 344.1, 342e342.9 2
Renal diseases 582e582.9, 583e583.7, 585,586,
588e588.9
2
Malignancy, including
leukemia
and lymphoma
140e172.9, 174e195.8,200e208.9 2
Moderate/severe liver
diseases
572.2e572.8,456.0e456.21 3
Metastatic solid tumor 196e199.1 6
AIDS 042e044.9 6
Mortality Factors in Major Trauma Patients 21than 60 years). Labib et al’s18 paper also showed the overall mor-
tality rate for geriatric major trauma patients to be 26.8% in Canada
(comparable with 32.0%, as recorded in the United States National
Trauma Data Bank). In their study, the most common mechanisms
of injury were falls (72%), pedestrians struck by motor vehicles
(12%), motor vehicle crashes (7%), and involvement of passengers in
motor vehicle crashes (5%). In Taiwan, due to its smaller geographic
size and accessible public trafﬁc system, the common mechanisms
of injury are motor vehicle crashes (29%), falls (27%), and blunt
injury (15%)16. Differences in injury mechanisms may be the reason
for lower mortality rates of geriatric trauma patients in our
research. Because the detailed trauma mechanism is not included
in the NHIRD dataset, more research is needed to ﬁnd the possible
reasons for better outcomes in trauma centers.
4.2. Reasons for better outcomes in trauma centers
One of the possible reasons for better outcomes in trauma
centers is the presence of the hospital-based trauma teams19. The
trauma teams can provide timely and coordinatedmultidisciplinary
care. In trauma centers in Taiwan, major trauma patients have ac-
cess to sequential care by different specialties as per the clinical
needs. However, a similar arrangement could not be found in most
of the regional and local hospitals. Patient care can be more sys-
tematic and efﬁcient with arrangements for a formal trauma ser-
vice. In a study conducted in the United States, mortality rates
showed great improvement from 10.5% (in 2005) to 4.9% (in 2008).
It is important to note that this improvement was likely to be the
results of the formal designation of hospitals as trauma centers and
interhospital transfer of trauma patients20. The results of our
research showed that the survival rates for major trauma patients
were better in trauma centers; however, more research is needed in
the future to better understand the relationship between better
survival rates and trauma team arrangement.
There is no literature showing the relationship between mor-
tality rates and the performance of trauma teams and ICUs in
Taiwan. Because there were no data related to the hospital per-
formance in NHIRD database, more research is needed in the future
to ﬁnd out the reasons for better outcomes in trauma centers.
4.3. Limitations
A few limitations of our study need to be recognized. First,
although we adjusted the triage classiﬁcations, comorbidities
(using the CCI), and the ISS, a potential weakness of our study is
that we could not adjust for the severity of the trauma patients
with the APACHE II score (although the ISS score may serve as a
considerable adjustment in many studies). Second, it could be
difﬁcult to evaluate the mortality rates of patients who were
transferred from one hospital to another. During our research,
since less than 5% of patients with major trauma were transferred
to our study centers from other hospitals, we excluded the data
(from the ﬁrst hospitals) of those patients. Third, the diagnoses for
major trauma were sourced from physician/hospital-reported
claims. Therefore, the accuracy of the diagnoses could be ques-
tionable. However, the NHI regularly samples a percentage of cases
from hospitals to verify the validity of diagnoses and the quality of
care through chart reviews by professional teams. Consequently,
we consider the validity of the diagnoses to be acceptable.
In conclusion, our study results suggest that major trauma pa-
tients should be transferred to trauma centers for care, especially
the elderly patients. Although this suggestion can inﬂuence the
health policy of regionalized or centralized programs for trauma
patients, further investigation into the trauma team arrangement
and the quality of trauma resuscitation is still needed.References
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